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Abstract: The present study describes the antimicrobial activity of 2 extracts of Palustriella commutata (Hedw.) Ochyra, collected
from the Sündiken Mountains, Eskiflehir, Turkey. These extracts were first prepared with acetone and methanol solvents under
reflux. The antimicrobial activity of the extracts was then assessed using the disc diffusion method against 11 bacteria, 1 yeast, and
8 moulds. The antimicrobial test results revealed that the acetone extract had a potential activity against 9 test bacteria. While some
gram-positive bacteria tested were sensitive (Bacillus mycoides, B. cereus, B. subtilis, and Micrococcus luteus), all gram-negative
bacteria tested (Klebsiella pneumoniae, Yersinia enterocolitica, Pseudomonas aeruginosa, Escherichia coli, and Enterobacter
aerogenes) were sensitive to the acetone extract. Both extracts were inactive against yeast and mould strains. The results presented
in this paper suggest the possibility that P. commutata possesses a new antimicrobial compound that has an effect against gramnegative and gram-positive bacteria.
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Palustriella commutata (Hedw.) Ochyra (Bryophyta)
Ekstrakt›n›n Antimikrobiyal Aktivitesi
Özet: Bu çal›flma Eskiflehir (Türkiye) Sündiken da¤lar›ndan toplanan Palustriella commutata (Hedw.) Ochyra ekstraktlar›n›n
antimikrobiyal aktivitesi üzerinedir. Ekstraktlar aseton ve metanol çözücüleriyle reflüks alt›nda haz›rlanm›flt›r. Ektraktlar›n
antimikrobiyal aktivitesi onbir bakteri, bir maya ve sekiz küfe karfl› disk difüzyon yöntemi kullan›larak de¤erlendirilmifltir.
Antimikrobiyal test sonuçlar› aseton ekstrakt›n›n test bakterilerine karfl› potansiyel bir aktiviteye sahip oldu¤unu göstermifltir.
Denenen gram-pozitif bakterilerden baz›lar› (Bacillus mycoides, B. cereus, B. subtilis ve Micrococcus luteus) aseton ekstrakt›na
duyarl› iken, gram-negatif bakterilerin (Klebsiella pneumoniae, Yersinia enterocolitica, Pseudomonas aeruginosa, Escherichia coli ve
Enterobacter aerogenes) hepsi duyarl›yd›. Her iki ekstrakt maya ve küf sufllar›na karfl› inaktifti. Elde edilen bulgular P. commutata’
n›n gram-negatif ve gram-pozitif bakterilere karfl› etkili olan yeni bir antimikrobiyal bilefli¤e sahip olma olas›l›¤›n› ileri sürmektedir.
Anahtar Sözcükler: Antimikrobiyal aktivite, Palustriella commutata, karayosunu

Introduction
The search for plants with antimicrobial activity has
gained increasing importance in recent years, due to a
growing worldwide concern about the alarming increase
in the rate of infection by antibiotic-resistant microorganisms (1). Numerous studies have been conducted
with the extracts of various plants, screening
antimicrobial activity as well as for the discovery of new
antimicrobial compounds (2,3).
In many developing countries, about 80% of available
therapeutic substances are obtained from medicinal

plants. Since the most infectious diseases are of a
microbiological origin, with the advent of ever-increasing
resistant bacterial strains, there has been a corresponding
rise in the universal demand for natural antimicrobial
therapeutics (4).
Bryophytes, which are phylogenetically placed
between vascular plants and algae, form a unique division
in the plant kingdom (5). There exist more than 22,000
members of the Mosses (Bryophyta) in the world. This
figure represents 5.5% of the 400,000 plant types
spread throughout the world (6).
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Of bryophyte extracts, the simplest land plants,
isoflavonoids, flavonoids, and bioflavonoids have been
reported to be possible chemical barriers against microorganisms (7-11). Terpenoids, and phenolic and volatile
constituents have also been investigated in some
bryophytes (6,12).
The use of bryophytes as medical plants in China,
Europe, and North America has been documented in the
literature. Some species of Fissidens and Polytrichum
were utilized as diuretic and hair growth stimulating
drugs in China more than 400 years ago. North American
Indians used Bryum, Mnium, Philonotis spp., and
Polytrichum juniperinum to heal burns, bruises, and
wounds. In France, Marchantia polymorpha was used to
enhance diuresis (4). There is also evidence in the
literature that confirms the antibiotic activity of
bryophytes against fungi and procaryotic cells (13).
Among the biologically active compounds extracted from
bryophytes, some have shown antitumoral activity (14).
To the best of our knowledge, there have been no
published reports concerning the antibacterial and
antifungal activity of Palustriella commutata (Hedw.)
Ochyra extracts. We have, therefore, focused on its
biological activity in our study. This was achieved with the
disc diffusion method.

Materials and Methods

80% methanol (100 x 2 ml) in H2O and acetone (100 x
2 ml) under reflux for 2 h at 40 °C. The extracts were
filtered through a 0.45 µm cellulose acetate membrane.
The filtrates were concentrated to dryness in vacuo.
Then, 80 mg of the dry residue was dissolved in 1 ml of
dimethyl sulfoxide (DMSO).

Test Micro-organisms
Eleven bacterial strains obtained from the American
Type Culture Collection (ATCC, Rockville, MD, USA),
Northern Regional Research Laboratory (NRRL, USDA,
Peoria, Illinois/USA), and Anadolu University, Department
of Biology (Eskisehir/Turkey) were employed. They
included gram-positive bacteria (Staphylococcus aureus
ATCC 25923, Bacillus mycoides NRRL B-4379, Bacillus
cereus NRRL B-3711, Bacillus subtilis NRRL B-209,
Micrococcus luteus NRRL-B 1018, and Enterococcus
faecium NRRL B-3502) and gram-negative bacteria
(Pseudomonas aeruginosa ATCC 10145, Escherichia coli
ATCC 25922, Enterobacter aerogenes NRRL-B 3567,
Yersinia enterocolitica, and Klebsiella pneumoniae). The
following 9 fungal strains were also tested: Candida
albicans Y- 12983, Aspergillus flavus ATCC 9807, A.
niger ATCC 10949, A. fumigatus NRRL 163, A.
parasiticus NRRL 465, Botrytis cinerea (AHU 9424),
Geotrichum candidum, Fusarium graminarum, and F.
solani (wild types).

Plant material
Plant material was collected from the Sündiken
Mountains, Eskiflehir, Turkey, at an altitude of 1420 m,
in October 2004 and May 2005. The specimens were
identified in the Department of Plant Biology at Eskiflehir
Osmangazi University. A voucher specimen was deposited
at the Herbarium of the Department.
Preparation of the extracts
Fresh gametophytic samples of P. commutata were
treated with 0.8 % Tween 80 aqueous solution to
remove epiphytic hosts normally found on the surface,
extensively washed in tap and distilled water, and dried
on filter paper. Unknown parts of the plant were
removed during the washing process.
Gametophytic plant material (10 g) was dried in the
open air at room temperature. This was then finely
ground with a hammer mill and extracted separately with
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Determination of Antimicrobial Activity
The plant extracts were tested for antibacterial and
antifungal activity through the disc diffusion method,
according to the National Committee for Clinical
Laboratory Standards (15-17), using 100 µl of
suspension of the tested micro-organisms. This
suspension contained 2 × 108 CFU/ml for bacteria, 2 ×
107 CFU/ml for yeast, and 2 × 106 CFU/ml spores for
fungal strains. Mueller-Hinton agar (MHA) (Fluka) and
Sabouraud dextrose agar (SDA), sterilized in a flask and
cooled to 45-50 °C, were distributed in sterilized Petri
dishes with a diameter of 9 cm (21 ml). The filter paper
discs (6 mm in diameter, Schleicher & Schuell) were
individually impregnated with 10 µl of the extract
solutions and then placed onto the agar plates, which had
previously been inoculated with the tested microorganisms. The petri dishes were kept at 4 °C for 2 h.
The plates inoculated with bacteria were incubated at 37
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°C for 24 h, and at 30 °C for 48 h for the yeast and
fungal strains. The diameters of the inhibition zones were
measured in millimetres. All the tests were performed in
duplicate. Penicillin, tetracycline, cefotaxime, and
amphotericin B served as positive controls.

Results and Discussion
After being air-dried, the plants were subjected to
extraction under reflux with 2 solvents, methanol and
acetone. The yields were 0.91% for the methanol extract
and 0.083% for the acetone extract. In this study, the
antimicrobial activities of P. commutata, having 2
different solvent extracts (methanol and acetone), were
compared with standard antibiotics such as penicillin,
tetracycline, cefotaxime, and amphotericin B being
employed as positive controls. Results from the
antibacterial disc diffusion assay are summarized in Table.
The extracts obtained from the plant samples
collected in October 2004 demonstrated activity against
some of the bacteria strains tested, while those collected
in May 2005 did not. It is known that the chemical
composition of particular species of plants can vary
according to the geographical origin and harvesting
season (18). It is, therefore, possible that variation in
activity between batches of extracts is sufficient to cause
variability in the degree of susceptibility of microorganisms.

The methanol extract of the investigated species had
an in vitro potential for antibacterial activity against 5
bacteria, while the acetone extract had greater activity
against 9 bacteria; yet, both extracts were inactive
against yeast and fungal strains. However, Castaldo
Cobianchi et al. reported that extract from mosses
displayed antifungal activities (14). The lack of effect
against yeast and moulds seen in our study may be due to
the low concentration of active compound in the extracts
applied.
The data indicated that gram-positive B. mycoides was
the most sensitive strain of those tested with the acetone
extract of P. commutata, with the strongest inhibition
zone of 12 mm. The acetone extract also exhibited high
antimicrobial activity against B. cereus (11 mm) and B.
subtilis (11 mm), with modest activity against M. luteus
(7 mm). Amongst these, the gram-negative strains also
displayed a variable degree of susceptibility against the
investigated plant extracts. Y. enterocolitica and K.
pneumoniae were, in general, found to be more sensitive
among the gram-negative bacteria tested with an
inhibition zone of 11 mm, followed by P. aeruginosa, E.
coli, and E. aerogenes, with inhibition zones of 9, 8, and
7 mm, respectively. Gram-positive bacteria, S. aureus and
E. faecium, exhibited no inhibition zones.
The data obtained from the disc diffusion method
indicated that the acetone extract of P. commutata had

Table 1. Antibacterial activity of acetone and methanol extracts of Palustriella commutata expressed as inhibition zones (mm).

Test micro-organisms

P. commutata extracts (10 µl/disc)

Antibiotics (control)

Methanol

Acetone

Penicillin

Tetracycline

Cefotaxime

Staphylococcus aureus ATCC 25923

_

_

30

30

30

Enterococcus faecium NRRL B-3502

_

_

22

27

11

Micrococcus luteus NRRL-B 1018

7

7

> 40

40

> 40

Yersinia enterocolitica (clinical isolate)

8

11

13

29

_

Bacillus mycoides NRRL B-4379

_

12

11

33

10

Bacillus cereus NRRL B-3711

7

11

30

32

8

Bacillus subtilis NRRL B-209

_

11

31

36

26
20

Pseudomonas aeruginosa ATCC 10145

_

9

_

_

Klebsiella pneumoniae (clinical isolate)

7

11

_

_

_

Enterobacter aerogenes NRRL-B 3567

_

7

_

_

_

Escherichia coli ATCC 25922

7

8

_

30

32

_: absence of inhibition
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more activity against gram-negative strains than the
gram-positive strains tested. This is of considerable
interest since conventional antibiotics are generally more
active against gram-positive than gram-negative bacteria.
The antibacterial activity of mosses against some gramnegative bacteria has been shown in other studies, in
particular, Leptodictyum riparium extract is able to inhibit
gram-negative bacteria to a greater extent than grampositive bacteria; this extract is active mainly against
conventional antibiotic-resistant species (P. aeruginosa)
(14). The importance of the activity of Rhynchostegium
riparioides and Pleurochaete squarrosa extracts for
medical application lies in its selective activity against
specific gram-negative bacteria, without affecting other
bacteria (4,13).

reported; thus, our results can be evaluated as the first
report about the antimicrobial properties with respect to
the 2 different extracts. The results of this study suggest
that P. commutata might possess a novel antimicrobial
molecule, which has an effect against gram-negative and
gram-positive bacteria. Further research is needed in
order to obtain information about the chemical
composition of moss species, as well as to reveal their
mode of action on microbial cells.
Corresponding author:
Semra ‹LHAN
Department of Biology,
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Osmangazi University,
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To the best of our knowledge, the antimicrobial
activity of P. commutata extracts has not been previously
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